Background: Titanium prostheses provide functionally promising results after reconstruction. Additional designs are created to improve and facilitate the surgical technique.
Conclusion: Ossiculoplasty using either the classic or Vario titanium prosthesis showed a significant improvement in hearing. The classical titanium prothesis is preferred over the adjustable VarioÒ type as the latter proves to be time consuming for intraoperative shaping and trimming rendering it to be not cost effective.
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Introduction
Reconstruction of a disrupted ossicular chain and restoration of sound transmission are one of the most delicate tasks to achieve in otologic surgery. 1 Over 60% of cases with chronic otitis media are reported to have ossicular involvement; therefore the need for ossiculoplasty is compulsory. 2 Many types of prostheses are available, including alloplastic, auto graft, and homograft prostheses, which have been used with variable success. The ideal ossicular prosthesis should be manageable, versatile, biocompatible and stable over time. 3, 4 Titanium (Ti) is an excellent biocompatible material. It proved to be a suitable material for ossicular reconstruction because of its biostability and low ferromagneticity. [5] [6] [7] [8] Titanium is light and strong, allowing versatility in the prosthetic design; thus the prosthesis can be thin and yet rigid making it a good sound conductor. 9 All the current designs have an open head plate rather than a solid plate, to allow observation of the stem of the prosthesis with an accurate placement.
The aim of the present study was to compare the functional hearing results of two different types of titanium implants: the classic fixed length Kurz (Kurz GmbH, DuBlingen, Germany) titanium prosthesis, available as partial ossicular replacement prosthesis (Bell, PORP), or total ossicular replacement prosthesis (Aerial, TORP); second, a Tuebingen titanium prosthesis VarioÒ (TTP-VarioÒ) whether partial or total with an adjustable length. The VarioÒ model can be modified intraoperatively to the required length in steps down to 0.25 mm using the TTP-VarioÒ instrument. Secondary outcomes included the documentation of the surgical-handling attributes of both prostheses, regarding timing of preparation, ease of handling, adjustment and placement.
Materials and methods
In the period from June 2007 till March 2008, 16 patients undergoing ossiculoplasty in the Otolaryngology department, Ain Shams University, Cairo, Egypt, were included. The study was approved by the institutional review board of the University.
All patients had titanium prostheses placed during surgery. The patients were randomly assigned into two groups according to the type of prosthesis used (Fig. 1 ). In the first group (A), the Kurz (Kurz GmbH, Dublingen, Germany) with classical fixed length, titanium prosthesis, available in different lengths was used. In the second group (B) the Tuebingen titanium prosthesis VarioÒ (TTP-VarioÒ) with adjustable length was used (Tables 1-3). We only included patients with traumatic ossicular disruption and second stage ossiculoplasty after tympanomastoidectomy.
Patients' data, operative details and audiological evaluation were collected. For the fixed length prostheses, the most approximate prosthesis length was used (total ossicular replacement prosthesis = TORP or partial ossicular replacement prosthesis = PORP according to the ossicular status). For the VarioÒ group, the prosthesis was accurately fashioned after measurement. A piece of tragal cartilage was routinely placed between the tympanic membrane and the head of the prosthesis. The tympanomeatal flap was slightly tented by the cartilage and prosthesis to ensure a firm columella effect.
Data analysis
Endpoint analysis was evaluated for audiological results, extrusion rate, average operative time and ease of surgical procedure. The success rate in relation to the surgical technique and the type of prosthesis whether partial or total were also documented. Preoperative and postoperative audiograms, done one year after surgery, were obtained and compared in all patients. Results are reported according to the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) committee on hearing and equilibrium guidelines for the evaluation of conductive hearing loss treatment results. 10 Threshold frequencies of 0.5, 1, 2, and 3 kHz were used. Mean differences in threshold were calculated for air and bone conduction and air-bone gap (ABG). A successful functional result was defined as a postoperative ABG of 20 dB or less. The data were therefore analyzed with regard to the type of the material (classic Kurz and VarioÒ), type of prosthesis <À30 À29 to À20 À19 -1 0 Air conduction (dB) 0.5, 1, 2, and 3 kHz 22.4375 6.772186 4 7 5 (PORP or TORP) and type of surgery (canal wall up = CWU or canal wall down = CWD). These data were compared using student's t test which was considered significant at 0.005. Statistical analysis was done using SPSS software for Windows (version 15).
Results
A total of 16 ossiculoplasty procedures were performed using Titanium prostheses. This patient cohort group consisted of nine male and seven female patients (age range = 18-52 years; average = 29.88 ± 11.9) ( Tables 2 and 3 ). There were five cases of CWD technique and eight CWU techniques. The remaining three cases were post-traumatic ossicular disruption. Eleven patients (68.75%) had surgery on the right ear whereas five patients (31.25%) had surgery on the left ear. A total of 10 PORP and 6 TORP were used in all 16 patients. In each group 5 partial prostheses (62.5%) and three total prostheses were used (37.5%).
Ossicular status
An intact mobile stapes superstructure was present in 10 cases (62.5%) and only a mobile footplate in six cases (37.5%). An intact mobile stapes superstructure was seen in 60% (3/5) of CWD technique and in 50% (4/8) of CWU technique. The three traumatic cases had incus dislocation on exploratory tympanotomy. Figure 1 Allocation table for randomization.
Functional results in ossiculoplasty with different titanium prostheses
Surgical details
The classic Titanium prosthesis is fixed in length and is supplied in different lengths. Measuring the needed length was done and the proper length was then chosen and used (Fig. 1) . The VarioÒ implant is available as an adjustablelength prosthesis that can be trimmed into the desired length.
For length adjustment we need the TTP-VarioÒ instrument set. Once the length has been determined, securing the shaft of the head plate has to be done. This is usually a tedious step. Both prostheses were easily manipulated and handled during placement. The open head design in both implants provided an excellent visualization of the stem during insertion. A piece of cartilage was always used over the head of the prosthesis to decrease the rate of extrusion. There is still a blind spot when the cartilage is inserted which blocks visualization and can create an instability in the reconstruction.
Prostheses used
Length of PORP ranged from 2.25 to 4.5 mm, with the 2.5 mm long prosthesis being the most frequently used (n = 10). Length of TORP ranged from 4.25 mm to 6.5 mm, with the 4.5 mm long prosthesis being the most frequently used (n = 6).
Functional results
The average improvement in ABG among all 16 patients, regardless of the type of implant used or the ossicular status was 22.8 dB (Table 1) . Group A ( Table 2) : (n = 8)
The mean preoperative ABG was 39.13 ± 1.481 and the mean postoperative ABG was 18.13 ± 1.481 making an average improvement in ABG of 21 dB. For the patients who were implanted with the classic titanium TORP, the improvement reached 26 dB (n = 3) and 23.8 dB for the classic titanium PORP (n = 5).
Group B (Table 3 ) (n = 8)
The mean preoperative and postoperative ABG were 38.25 ± 1.998 and 13.63 ± 3.212, respectively, with an average improvement in ABG of 25 dB. The average improvement in ABG for the patients who were implanted with VarioÒ TORP was 23.3 dB (n = 3) and 19.6 dB for the VarioÒ PORP (n = 5).
TORP vs. PORP: Among the 6 patients implanted with titanium TORP in both groups, the average improvement in ABG was 24.6 dB and the success rate was 80% (8/10). Whereas in the 10 patients who received PORP titanium whether classic or VarioÒ, the average improvement in ABG was 21.7 dB and the success rate was 83.3% (5/6).
There was a significant improvement of the ABG (p < 0.0001), in each group separately (Tables 4 and 5 ). There was no preoperative difference in the ABG between both groups and there was no significant difference in improvement of the ABG between both groups postoperatively ( Table 6) .
A successful hearing result was achieved in 87.5% (7/8) of cases in group A, 75% (6/8) of cases in group B and in 81.25% (13/16) in both groups. There were 3 cases (18.75%) with a post-operative ABG of more than 20 dB, considered as suboptimal results, one with classic titanium TORP and the other two cases with VarioÒ PORP. The average improvement in ABG and the success rate for the patients who underwent CWU (n = 11) were 23.45 dB and 81.8%, respectively. On the other hand, the average improvement in ABG and the success rate for the patients who underwent CWD (n = 5) were 21.4 dB and 80%, respectively.
Taking the type of prosthesis and the surgical technique into consideration in cases of chronic otitis media (n = 13), we found that the success rate with the use of PORP in CWD procedures, or TORP prosthesis in CWU surgery, reached 100%. A significant decrease in the hearing results to 50% was found only with the combination of TORP and CWD.
Discussion
The functional results of ossiculoplasty are variable in the literature. This variability can be explained by the difference in the patient cohort group, the timing of ossiculoplasty and the type of prosthesis used. Synthetic materials have long been used to reconstruct the ossicular chain. Titanium has been shown to be a highly biocompatible material and reliable implant in such reconstruction. It is an effective and easy material in handling which led to the development of new and versatile designs. [11] [12] [13] High rates of hearing restoration reaching 81% as in our study are common especially with the recent use of Titanium. [14] [15] [16] [17] The results of tympano-ossiculoplasties should be cautiously interpreted, as several anatomical, pathophysiologic and technical factors can affect the functional outcome. [18] [19] [20] These include revisions versus one stage cases. 12, 19, 21 The presence or absence of cholesteatoma was considered to contribute to the results of ossiculoplasty. As all our reconstruction was done as a planned second procedure in cholesteatoma cases, we eliminated the presence of cholesteatoma as a cause of lower results. Other authors did not find any difference between reconstruction with or without cholesteatoma surgery during the same procedure. The type of tympanoplasty technique used, whether CWU or CWD, has also been blamed in the results of ossiculoplasty. However, the results of both techniques in our study were comparable, as seen with other authors. 22 Needless to say, that the type of reconstruction depends upon the ossicular chain disruption condition. However, partial reconstruction does not necessarily yield better results than total reconstruction. Interestingly, we found that each of the TORP prosthesis and canal wall down, did not give lower success. 23 However, the combination of the two factors gave approximately a 50% reduction in success rate. Most authors found that the major factors influencing good audiometric results were the surgical procedure preserving the external auditory canal and the presence of the stapes. The combination of CWD and TORP gave significant inferior hearing thresholds as compared to TORP/CWU and PORP/ CWDcombinations. 12, 24, 25 The preservation of the posterior canal wall and the stapes superstructure are both factors in our material that promote stability for the middle ear prosthesis. We assume that the existence of only one of these factors was usually sufficient for good hearing results. Caution is advised when selecting candidates for ossiculoplasty when both the canal wall and stapes superstructure are absent.
The reported difference in our study between the Titanium TORP and PORP may be explained by the fact that TORP prostheses were more frequently used in CWD surgery.
The extrusion rate of titanium is reported to be negligible. 6, 7, 11, 14 The placement of cartilage interposed between the prosthesis and the tympanic membrane might also prevent extrusion. 24, 25 Several studies have shown very few extrusion rates with titanium middle ear prostheses. Although we had no cases of prosthesis extrusion, our series follow-up is too short to evaluate extrusion rates.
Readymade fixed-length prostheses were easier and more rapid to handle. 1 They also needed less time and fewer instruments to adjust. On the other hand, adjustable-length prostheses needed more time, specific instrument set and more expertise for length adjustment and fixation. During insertion, surgical-handling properties of both prostheses were equally easy. The open head design allows accurate placement of the stem of the prosthesis. 26 The functional results are similar with both prostheses. Although it was stated that the VarioÒ prosthesis is more convenient in terms of logistics and storage (only two prosthesis should be available at any time), the extra cost of the adjustable prosthesis, the need for specific surgical equipments and the longer operative time and expertise for adjustment, largely outweigh these arguments.
In conclusion, ossiculoplasty using either the classical fixedlength titanium or VarioÒ prostheses showed a significant improvement in hearing. Both implants offer the proven benefits of Titanium, namely high biocompatibility and high stability, excellent surgical handling impression and effective hearing results with a very low extrusion rate. Time consuming intraoperative shaping and trimming of the VarioÒ prosthesis can be avoided using the classical titanium prosthesis.
